Objective: To describe a method to estimate physical activity level (PAL) values based on household surveys in which representative information of the population on the distribution of sex, age, occupation and daily working hours is obtained, and to compare them to the recommended PAL (RPAL) values. Design and subjects: Data of 267446 individuals of a probabilistic sample from a Brazilian food consumption and family budget survey were used to estimate two different sets of estimated PAL (EPAL) values: (1) considering sex, age group and geographical area and (2) the above plus expenditure class, defined by the quartiles of per capita expenditure. Results: The EPAL values derived by the proposed method indicated that: (l) the RPAL values for 18+y-old women represent higher energy requirements (ERs) than necessary, which could make these women become obese; (2) the RPAL values for 18 to 59-y-old males can only be used to calculate the mean for the total population, because their use for the rural and urban populations separately will lead to severe physiological effectsFunder-and overnutrition, respectively; and (3) the RPAL values for 10 to 17 and 60+y-old males and 11 to 17-y-old females will lead to undernutrition by not incorporating provisions for the occupational activities. Conclusions: Sex-and age-specific RPAL values are not appropriate for the calculation of ERs of the Brazilian population. PAL values must be estimated and constantly recalculated as soon as the required information becomes available. It is important that these EPAL values be disseminated so that more adequate ERs are calculated.
Introduction
In 1985, the FAO/WHO/UNU Expert Consultation on energy and protein requirements changed the method of estimating energy requirements (ERs) from the average energy intake of healthy people to the daily energy expenditure (EE) of the population. This change was based on the observation that estimation based on energy intake yielded a circular argument in which the intake was not the most appropriate way to maintain healthy weight and optimal levels of physical activity for health in the long run.
Two approaches were suggested to achieve this goal (FAO/ WHO/UNU, 1985; James & Schofield, 1990) : (1) a factorial method in which the daily activities and their duration are identified and converted to ERs with the use of multiples of basal metabolic rate (BMR) for each task; and (2) the use of one value of physical activity level (PALFdefined as EE divided by BMR in 24 h), which is based on the occupational PAL (OPAL) classified into three groups: light, moderate and heavy. James and Schofield (1990) summarised the PAL values recommended in the 1985 report (FAO/WHO/UNU, 1985) for the appropriate physical activity of adolescents and adults as population means, and specifically for adults considering the OPAL for a daily duration of 8 h of labour.
Contrary to several investigators who have suggested a revision of the recommended PAL (RPAL) values for adults, primarily because EE estimated by doubly labelled water (DLW) tends to be higher than these values (Haggarty et al, 1994; Durnin, 1996) , the International Dietary Energy Consultative Group (IDECG, 1996) suggested the maintenance of the PAL values (Buyckx et al, 1996; Shetty et al, 1996) until more data are available for a reappraisal of the values (Butte et al, 1996; Buyckx et al, 1996; Dupont et al, 1996; Heini et al, 1996) . Since data on EE of populations living in developing countries are more scarce and the DLW technique is still not feasible to be used in large-scale studies in these countries, the above two methods (factorial and PAL) are the only alternatives to estimate ERs.
However, both methods generally yield different estimates unless the RPAL values appropriately represent the mean EE of the physical activities of the study (or sub-) population. Furthermore, detailed data for estimating ERs with the factorial method (considered more accurate than the PAL approach) are rarely available. Therefore, there is a need to estimate PAL values that represent the occupational characteristics of the various segments of populations living in developing countries.
The present paper describes a method for estimating PAL (EPAL) values based on household surveys in which information on the distribution of sex, age, occupation, and daily working hours representative of the population is obtained. Using data from a Brazilian national household survey, the EPAL and RPAL values are compared and the daily ERs based on both PAL values are compared to the requirement estimated by the factorial method.
Methods
The data used in the present analysis are from the Estudo Nacional da Despesa Familiar (National Family Budget Survey), a food consumption and family budget survey conducted by the Brazilian Institute of Geography and Statistics between August 1974 and August 1975 , under the ethical principles established in the Brazilian statistical legislation. The data set comprises information on 53 311 families and 267 446 individuals of a household probabilistic sample, selected in four stages (municipalities, 1970 demographic census sectors, subsectors and households), with size defined to generate representative estimates of the total, metropolitan, urban and rural Brazilian population of 22 geographical areas in the country (Vasconcellos, 2001) .
The survey method included visits to each household for seven consecutive days to collect a large number of variables. For this paper, some individual information (sex, age, body mass, stature, economic occupations in the week of the survey, working hours and income in each occupation) and family and per capita expenditure and income data were used.
The daily ERs of the sampled individuals were calculated by using the integrated energy index (IEI), calculated as the ratio of EE of a task and the BMR of the specific duration of the task (factorial method), and the RPAL values. For individuals older than 10 y of age, ERs were calculated using BMR estimated by recommended predictive equations (FAO/ WHO/UNU, 1985) and sex-, age-and stature-specific reference body mass (BM) values estimated from a linear regression model on a subgroup of apparently healthy individuals according to family per capita expenditure (Vasconcellos, 2001) .
For the ER based on the factorial method the following were assumed: 8 h of sleep; 2 h of socially desirable activities; 20 min of exercise if the person was unemployed or had a light OPAL; one-seventh of the weekly working hours; and the maintenance EE value for the residual time ( Table 1 ). The OPAL of each occupation was classified into light, moderate and heavy levels based on approximately the same percentage distribution of time for specific activities described in the 1985 FAO/WHO/UNU report to the Brazilian Occupational Classification. This approach has been shown to adhere to the nutritional status of adults in Brazil (Anjos, 1993; Burlandy and Anjos, 2001) .
For ER based on the RPAL values, estimated BMR was multiplied by RPAL values (EE 24 h /BMR 24 h ) described in James and Schofield (1990) . In the present paper, the following RPALs with desirable physical activity were used for: (1) unemployed 10 to 17-y-old individualsFsex-and age-specific RPAL value; (2) employed 10 to 17-y-old individualsFsex-specific RPAL value of the longest working hour occupation if it was greater than the sex-and agespecific RPAL value: (3) unemployed 18+ y-old individualsFsex-specific light RPAL value; and (4) employed 18+ y-old individualsFsex-specific RPAL value of the longest working hour occupation.
Thus, the ER of any individual (ie, the jth individual) from any stratum (ie, the hth stratum) made of a combination of values for sex, age, and PAL can be mathematically described in two ways: (a) by the factorial method as presented in expression (1) of Figure 1 , and (b) by using the RPAL values and expression (2) in Figure 1 .
Since both expressions represent different approaches for assessing ER, they generally yield different estimates, except in the case of individuals for whom the RPAL values used in expression (2) appropriately represent the mean EE of their physical activities considered in the factorial method.
In fact, the comparison of the first two expressions in Figure 1 indicates that it is possible to calculate a PAL value (named EPAL) for which both expressions give the same ER for any individual, which is equal to the mean of the IEI of the different physical activities of the individual weighted by the duration of each activity.
Since the data used in this paper come from a non-selfweighted probabilistic household survey, all the estimates to any stratum of the population must be obtained with the use of the sampling weight of each household or individual. The sampling weights were calculated considering the sample design and were calibrated to the 1974 Brazilian population (Vasconcellos, 2001 ).
Thus, in order to estimate the mean of the EPAL values for any stratum (the hth stratum), it was necessary to use the sampling weight of each individual, as indicated by expression (4) in Figure 1 . The same procedure was used to estimate, for any stratum, the means of ER based on the factorial method and based on the RPAL values, as shown by expressions (5) and (6) in Figure 1 , respectively.
In order to compare the ERs based on the RPAL and EPAL values, a third ER variable was calculated: the ER based on the EPAL values. The same estimation procedure was used to calculate the mean of this variable for any stratum, as presented in expression (7) of Figure 1 .
The calculations presented in Figure 1 can be easily performed by a statistical software that takes into account the sampling weight. In the present study, the Statistical Analysis SystemFSAS, version 8.1 for microcomputer was used.
To produce the results, the mean EPAL values were estimated for two different sets of strata defined by: (1) sex, age group and geographical area to be used in surveys in which income and occupational data are not collected; and (2) sex, age group, geographical area and per capita expenditure class (defined by the quartiles of the distribution) to be used in surveys with income but without occupational information. The geographic stratification included 22 areas (10 metropolitan, seven urban and five rural) for which the survey sample was designed to produce representative estimates, but the results are presented for metropolitan, urban and rural aggregates.
Results
The RPAL and EPAL values for the stratification defined by sex, age group and geographical area were used to estimate their means at the national level, which are presented in Table 2 . The figures in Table 2 indicate that the EPAL values are: (a) greater than the corresponding RPAL values for the 10 to 17 and 60 to 69-y-olds; (b) smaller than the RPAL values for the 18, 19, and 50 to 59-y-olds; and (c) equal or very close to the RPAL values for the 20 to 49 and 80+ y-olds. For females, the EPAL values are greater than the corresponding RPAL values until 17 y of age and are systematically smaller for 18 y and older.
Although very close to RPAL values, the national means of EPAL values for 20 to 49-y-old males are resultant of very different EPAL values by stratum. To highlight the differences between RPAL and EPAL values for metropolitan, urban and rural areas of the country, Figure 2 was drawn. This figure shows that estimated values for the rural stratum are systematically well above the values for the urban and metropolitan areas. The differences are nonnegative for ages until 17 y for both sexes and all areas. For females, the differences are negative for all areas after 17 y. For males, the differences are positive for rural areas (all ages) and after 59 y for the other areas, except after 74 y in metropolitan areas and after 79 y in urban areas. For 18 to 59-y-old males, the differences are negative for urban and metropolitan areas. The second set of EPAL values was obtained by stratifying the sample by sex, age group, geographic area and per capita expenditure class yielding 2816 values (2 sexes Â 16 age groups Â 22 areas Â 4 expenditure classes), and was used to calculate the daily Ers, which were compared with the ER derived from the RPAL values and the ER derived from the factorial method (Table 3) .
For the whole population, the ERs using the RPAL values yield the highest mean (Table 3) owing to the values of women that led to the highest mean differences (69.9 and 72.1 kcal in relation to the factorial method and the EPAL values, respectively). For males, the ER mean calculated using the RPAL values is smaller than the other ER means. The mean values of ER calculated using EPAL values are very close to the values calculated using the factorial method (mean differences of 1.5 kcal in the whole population and 0.9 and 2.2 kcal for males and females, respectively). The variability of the ER (measured by the sample coefficient of variation) calculated using the factorial method is higher than the requirements using either RPALs or EPALs.
Another way to show that the national means of EPAL values for 20 to 49-y-old males (those very similar to RPAL values) do not mean that they are applicable to each subpopulation in the country is provided in Figure 3 , for which the Brazilian population was stratified in the four per capita expenditure classes. This figure shows that occupational EE is inversely associated with income so that the higher the per capita family expenditure the lower the EPAL values, a tendency not observed in just a few age groups (because of the small number of people with reported occupations). This fact indicates that people with lower income and education are the ones involved in higher physically demanding occupations, whereas the richest and more educated individuals have occupations with lower levels of physical demands.
Discussion
Nutritionists and planners face a huge challenge when establishing the ERs of populations because of the uncertainty about the appropriateness of PAL/IEI values and BMR estimates . Internationally recommended PAL values were first established in 1985 and have remained unchanged (Buyckx et al, 1996) primarily due to data obtained using the DLW technique in affluent societies Coward, 1998) which can be questioned for developing countries, as occupational, degree of urbanisation, technological and behavioural characteristics of these populations are different (Yamauchi et al, 2001 ) and changing fast. Since the RPAL values are based on theoretical factorial calculations assuming duration and energy costs of daily activities, differences in social mobility and labour patterns between developed and underdeveloped societies and changes in these patterns in the latter may interfere in ER estimation. This fact is evident when interpreting the contrast between the results of RPAL and EPAL values for the Brazilian population in the present study.
The main differences between the RPAL and EPAL values for males in the present analysis derive from the fact that the 1985 recommendations use the OPALs from 18 to 60-y of age only (James & Schofield, 1990, p 74) , which explains EPAL Figure 2 Differences between EPAL and RPAL values by sex and age group.
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values greater than RPAL until 17 y and after 59 y. The same explanation is applicable for females until 17 y of age. In developing countries, people tend to start working early in life and continue working at older ages. Therefore, the use of RPAL in these situations may yield lower values of ER. For 18+ y-old females, the differences can be explained by the fact that the energy cost of domestic work could not be considered (data not available in the survey used) and the percentage of economically occupied adult women in 1974/ 75 was probably smaller than the proportion used to establish the recommended values. Indeed, only 33.2% of 10+ y-old women reported an occupation in contrast to 66.9% of males in 1975 (Vasconcellos, 2001) .
The behaviour of the EPAL curves (Figure 2 ) for the rural in contrast to the urban and metropolitan populations indicates that: (a) the rural occupations have greater EE than the urban occupations; and (b) the estimated values for the rural stratum influenced the mean national values. Thus, temporal changes in the proportion of the rural occupied population will affect the national means (for sex and age) of EPAL values. The difference between the urban and rural strata may be even greater because of the difference in technological development between areas, which was not considered in the present analysis. It is evident that PAL values should be regionally determined so that the demographic, social and occupational characteristics can be considered, a fact that is specially true for the male population in 1975 and can also be important for women at present.
The results shown in Table 2 and Figure 1 mean that: (1) the RPAL values for 18+ y-old women represent higher ERs than necessary, which could make these women obese; (2) the RPAL values for 18 to 59-y-old males can only be used to calculate the mean for the total population because its use in the rural and urban populations separately will lead to severe physiological effectsFunder-and overnutrition, respectively; and (3) the RPAL values for 10 to 17 and 60+ y-old males and 11 to 17-y-old females will lead to undernutrition by not incorporating provisions for the occupational activities.
The EPAL values found in the present analysis are similar to measured values observed in the literature for people living in both rural and urban regions of developing countries (Bogonha et al, 2000; Yamauchi et al, 2001) . In general, average PAL values are found to be approximately 1.90 and 1.68 in rural and urban male populations, respectively. It is important to point out that not all developing countries are the same and the PAL value will vary according to many factors, particularly the percentage of people working in agriculture (Coward, 1998) .
The use of demographic and occupational characteristics of the population to estimate PAL values suggested in the present study is not new. Even though James and Schofield (1990) described the possibility of using employment and demographic statistics to estimate appropriate PAL values for a specific population/region in their classical publication, no study was found in the literature in which the technique was employed.
The tendency for greater RPAL-derived ER in the present analysis was caused by the results in women (average of 69.9 kcal) because there was a tendency for lower RPALderived ER in males (14.2 kcal). These results had already been observed in the previous recommendations (FAO/ WHO, 1973) primarily because of the fixed allocation of 8 working hours per day, a value that is low for males and high for females (Vasconcellos, 2001) .
The mean values of ER calculated using EPAL values are very close to the values calculated using the factorial method (Table 3 ). This fact can be explained by comparing expressions (5) and (7) in Figure 1 : the first (ERF h ) is the mean of the products of two variables (BMR and PAL) and the second (ERE h ) is the product of the means of these two variables. In fact, the use of PAL (recommended or estimated) is justified because of the low variability of the ER within each stratum (sex, age group, geographic area and per capita expenditure class).
The reduction of ER variability of the methods based on PAL values in relation to the factorial method (Table 3) can be easily explained by the fact that in the calculations of the requirements using either PALs, the individual variations related to the OPAL and duration of work are lost. However, the most important conclusion drawn from data in Table 3 is that the use of EPAL values is more appropriate than the RPAL values since the mean ERs derived with the EPAL are closer to the requirements obtained with the factorial method, which is considered more accurate than the RPAL value approach.
Although the relation between income and education with OPAL ( Figure 3) is an obvious finding, in statistical terms it indicates that the introduction of the per capita family expenditure classes reduced the variability within strata, which made ER estimates more accurate. According to the statistical theory, the more detailed the stratification used to determine EPAL, the more precise the estimates of ER will be, as long as precision is not lost by an excessive number of strata, which could lead to estimates within strata based on a too small number of observations.
In conclusion, the proposed method for the estimation of PALs has the advantage of: (a) being very simple; (b) being estimated independently of anthropometric and BMR measures, which means that it can be reviewed annually with the population census data and the annual employment and income surveys performed in noncensus years; and (c) allowing the estimation of geographical and other important strata distribution. Furthermore, the method allows that other types of activities be considered whenever detailed information about the type and duration of activities becomes available. However, the method depends on accurate IEI values for which better estimates of BMR and energy cost of the various activities must be obtained. The research to develop such data is sophisticated and timeconsuming and therefore costly, but necessary to improve the establishment of accurate ERs in order to avoid obesity and its consequences.
The results of the present study showed that the sex-and age-specific RPAL values are not appropriate for the calculation of ERs of the Brazilian population. Furthermore, they showed that the PAL values must be estimated, and that these values should be constantly recalculated as soon as the required information is available. It is important that these EPAL values be disseminated so that more adequate ERs can be calculated, particularly for populations facing a period of nutritional transition.
